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1. Introduction 
Phospholipids derived from a variety of natural 
sources commonly show a nonrandom distribution of 
fatty acids. Fatty acids having higher melting points, 
e.g., saturated fatty acids, are located at position 1 of 
the glycerol while fatty acids with lower melting 
points, e.g., unsaturated, branched-chain or cyclo- 
propane-containing fatty acids, are usually found at 
position 2 [1,2]. Until recently, very little was known 
about he positional distribution of fatty acids in 
membrane lipids of mycoplasmas, the smallest self- 
replicating procaryotes. Previous tudies using 
Acholeplasma l idlawii B [3,4] showed that the fatty 
acid positional distribution i  phospho- and glyco- 
lipids of this organism isin accord with that found 
elsewhere in nature. On the other hand,in Mycoplasma 
gallisepticum, it was recently found that unsaturated 
fatty acids were present more abundantly in position 1 
of membrane phospholipids, while saturated fatty 
acids were present in position 2 [5]. This communi- 
cation demonstrates that the phosphatidylglycerol 
(PG) of all the cholesterol-requiring Mycoplasma 
species tested has an unusual positional distribution 
of fatty acids, with unsaturated fatty acids located 
primarily at position 1 and saturated fatty acids at 
position 2 of the sn-glycerol 3-phosphate. 
2. Materials and methods 
Mycoplasma or Acholeplasma species were grown 
in Edward medium [6] containing either 5% horse 
serum, 20/aM palmitic and 20/aM oleic acids, or 0.5% 
bovine serum albumin, cholesterol (15/ag/ml), 20/aM 
palmitic acid and 40/aM oleic acid. To label mem- 
brane lipids, the medium was supplemented with 
0.005/aCi/ml [9,10-all] palmitic acid (500 Ci/mol) 
and 0.002/zCi/ml [1-~4C]oleic acid (56 Ci/mol), both 
products of the Radiochemical Centre, Amersham. 
The cultures were incubated at 37°C for 14-26 h 
and growth was followed by measuring A4c, o of the 
culture. Most experiments were performed with 
cultures at the midexponential phase of growth 
(.4640 = 0.15-0.20) containing 70-90/ag cell protein• 
ml. The cells were harvested by centrifugation at 
12 000 X g for 20 min and washed once in a cold 
0.25 M NaC1 solution. Lipids were extracted from the 
cells by the procedure in [7]. Protein, phospholipids 
and total cholesterol content of ceils was determined 
as in [5]. PG was separated from total membrane 
lipids by thin-layer chromatography on silica gel H 
plates developed with chloroform-methanol-water 
(65:25:4, v/v/v). The PG spots (containing ~0.5/amol) 
were scraped off the plates into test tubes containing 
in 1 ml total volume: 50 mM Tris-HCl (pH 7.4); 
25 mM CaC12; 1.25 mg bovine serum albumin. Aliquots 
(0.1 ml) of a solution (1 mg/ml) of purified phospho- 
lipase A2 (Boehringer) were then added and the test 
tubes were incubated at 37°C for 2 h. The reaction 
was stopped by adding 1 ml 0.1 M ethylenediamine- 
tetraacetic acid. Lipids were extracted from the reac- 
tion mixture [7] and chromatographed on silica gel H 
plates. Radioactivity (dpm) in the lysophosphatidyl- 
glycerol (Lyso PG) and free fatty acid spots were 
determined using a Packard Model 2650 Tricarb 
scintillation spectrometer. The fatty acid composi- 
tion in the Lyso PG and free fatty acid spots were 
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determined by gas liquid chromatography [8] of the 
fatty acid methyl esters prepared by heating the lipid 
samples in 14% boron trifluoride in methanol (Sigma 
St Louis, MO) at 72°C for 15 min. 
3. Results and discussion 
The positional distribution studies were performed 
with PG preparations from various mycoplasmas. This 
is the most common phospholipid in mycoplasmas 
[9]. In the representative species tested, grown in 
horse serum-supplemented Edward medium [6], PG 
forms between 15-60% (by wt) of the total mem- 
brane lipids, with hexadecanoic (C16:0) and octade- 
cenoic (C18:1) acids comprising together 80-90 mol% 
of its fatty acids. The Mycoplasma species are unable 
to synthesize or change ither saturated or unsaturated 
fatty acids, while the capability of the Acholeplasma 
species to synthesize saturated fatty acids is highly 
suppressed when exogenous fatty acids are added to 
the growth medium [10]. Hence, the hexadecanoic 
and octadecenoic a ids found in the PG preparations 
from Mycoplasma or Acholeplasma species are mostly 
fatty acids of exogenous origin. Therefore, when the 
organisms were grown in a medium containing 
[SH]palmitic and [14C]oleic acid, the aH/14C ratio in 
PG and its breakdown products obtained after phos- 
pholipase A2 treatment was taken as a measure of the 
positional distribution of palmitic and oleic acids in 
the PG. Since phospholipase A2 catalyzes the hydrol- 
ysis of fatty acid ester linkages exclusively at posi- 
tion 2, the radioactivity in the Lyso PG represents he 
radioactive fatty acids located at position 1. Radio- 
activity in the free fatty acids liberated by the enzyme 
represents fatty acids located in position 2. This is in 
accordance with the observations [3,4] and with the 
normal distribution of fatty acids found in almost all 
natural phospholipids [1,2]. However, in PG prepara- 
tions from all the cholesterol-requiring mycoplasmas 
tested, the 3H/14C ratio was low in Lyso PG and high 
in the free fatty acid fraction (table 1), suggesting that 
oleic acid is located mostly in position 1 and palmitic 
acid in position 2. 
The notable xception encountered in PG prepara- 
tions from the cholesterol-requiring Mycoplasma 
species is further demonstrated in table 2, in which 
the fatty acid composition at position 1 and at posi- 
tion 2 of PG from A. laidlawii and M. capricolum 
cells are presented. The unusual positional distribution 
of fatty acids in the PG preparation ofM. capricolum 
is clearly indicated when the positional specificity of 
palmitic and oleic acids were calculated as the ratio of 
each of the fatty acids present at position 1 to that at 
position 2. So far only very few systems with phos- 
pholipids possessing an unusual positional distribution 
Table 1 
Positional distribution of [3H]palmitate and [t4C] oleate in phosphatidylglycerol 
preparations from various Acholeplasma and Mycoplasma species 
Organism Distribution of label (3Hp4C ratio) 
Phosphatidyl- Lysophosphati- Free fatty 
glycerol dylglycerol acids 
Acholeplasma laidlawii strain A 0.9 2.8 0.6 
A. granularum 0.8 2.1 0.7 
Mycoplasma fermentans 2.5 0.4 10.2 
M. mycoides subsp, mycoides 1.7 0.3 10.5 
M. pneumoniae 1.4 0.2 4.9 
M. capricolum 1.4 0.7 3.7 
M. gallinarum 1.3 0.6 3.9 
M. gallisepticum 1.1 0.2 7.9 
The organisms were grown in a medium containing 5% horse serum and supple- 
mented with [1-14C]oleate and [9,10-3H]palmitate s in section 2. The distribu- 
tion of label was determined after phospholipase A atreatment of PG preparations 
as in section 2. The labeling ratios in Lyso PG and in the free fatty acid fraction 
represent the labeling ratios at positions 1and 2 of the PG 
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Table 2 
Positional distribution of fatty acyl chains in phosphatidylglycerol from M. capricolum and A. laidlawii 
Fatty acid M. capricolum A. laidlawii 
Fatty acid content (mol%) Fatty acid content (mol%) 
Position 1 Position 2 Position 1[ Position 1 Position 2 Position 1] 
position 2 position 2 
14:0 9.7 2.3 4.2 11.2 5.3 2.1 
16:0 31.6 86.3 0.4 67.9 10.0 6.8 
18:0 1.2 3.9 0.3 11.5 1.2 9.6 
18:1 53.6 7.5 7.1 9.3 79.8 0.1 
The organisms were grown in a medium containing 0.5% bovine serum albumin, cholesterol, and 
palmitic and oleic acids as in section 2. The fatty acid content at position 1 and position 2 was 
calculated from the fatty acid composition of lysophosphatidylglycerol and the free fatty acid frac- 
tions obtained after phospholipase A2 treatment of the phosphatidylglycerol p eparations a in 
section 2 
of fatty acids have been described [ 11,12]. Among 
them is the phosphatidylethanolamine of Clostridium 
butyricum [ 11 ]. It is interesting to note the recent 
ffmding of common oligonucleotide s quences in the 
16 S ribosomal RNAs from mycoplasmas nd 
clostridia, taken to suggest a common ancestry to 
these groups of microorganisms [13]. 
The Mycoplasma species differ from Acholeplasma 
species in their growth requirement for cholesterol 
[14]. Cholesterol reaches levels of ~50 mol% of total 
membrane lipids in Mycoplasma species as opposed to 
low cholesterol levels (~< 10 mol%) in the cholesterol- 
nonrequiring Acholeplasma species [14]. It can be 
suggested that the requirement for cholesterol and its 
high content in the membrane of Mycoplasma species 
is associated with the presence of phospholipids with 
unusual positional distribution. One possibility is 
that the requirement for cholesterol is associated with 
different physical properties of the membrane imposed 
by the differences in the positional distribution of the 
fatty acids in membrane phospholipids. However, 
data obtained with artificial membrane systems 
[15,16] do not appear to support his suggestion. In 
these studies force-area curves at the air-water inter- 
face of structural isomers of phosphatidylcholine 
with monounsaturated chains at the 1 or 2 position 
were practically identical. The permeability of lipo- 
somes derived from these phosphatidylcholine prep- 
arations to glucose, erythritol and glycerol was also 
the same [15,16]. Moreover, after mixing with cho- 
lesterol, the mean molecular area at the air-water 
interface, the permeability of the liposomes to non- 
ionic substances and the energy content of the gel-  
liquid crystalline phase transition were decreased to 
about the same degree with both structural isomers 
[15,16]. Another possibilityis that the high cho- 
lesterol content in the membrane of Mycoplasma 
species affects the specificity of the acyltransferases 
located in the membrane [10]. This possibility was 
tested with M. capricolum cells adapted to grow in a 
cholesterol-poor medium [17], by serial passages of 
the organism in a medium containing 0.5% bovine 
serum albumin, 20/aM palmitic acid, 80/aM oleic acid 
and decreasing concentrations of horse serum. The 
horse serum was decreased from 5-0.15% by growing 
the cells in media containing one-half of the serum 
concentration of the previous medium. Cells adapted 
to the cholesterol-poor medium grew more slowly 
than cells maintained in the cholesterol-rich medium 
and their cultures reached the stationary phase of 
growth at a lower turbidity than cultures of the native 
strain. The adapted cells contained amuch lower 
cholesterol concentration than that of the native cells 
resulting in a lower cholesterol to phospholipid molar 
ratio (table 3). On the other hand, the PG of the 
adapted strain was more saturated than that of the 
native strain, an increased saturation that may com- 
pensate at least in part for the low cholesterol con- 
tent [18]. The positional distribution of palmitic and 
oleic acids in the PG preparations of the native and 
adapted strains were, however, very similar. After 
phospholipase A2 treatment a high aH/14C ratio was 
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Table 3 
Positional distribution ofradioactive palmitic and oleic acids 
in phosphatidylglycerol of native and adapted 




Distribution of label in PG 
([*H]palmitate/[t4C]oleate 
ratio) 
Total Position Position 
1 2 
Native 1.10 1.15 0.79 9.40 
Adapted 0.20 2.78 1.20 17.85 
The organisms were grown in media containing [ l:*C]oleate 
and [9,10:H]palmitate. The distribution of the label was 
determined after phospholipase A2treatment ofPG 
preparations a in section 2. The labelingratios at positions 1
and 2 were obtained from the labeling ratios in lyso PG and in 
the free fatty acid fraction 
found in the free fatty acids and a much lower ratio 
in Lyso PG from both native and adapted strains, 
suggesting that in M. capricolum, regardless of the 
cholesterol content of the membrane, [3H]palmitate 
is preferentially incorporated atposition 2 and 
[t4C]oleate at position 1. 
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